A
SECUAITY CLABIMICATION OF THiS PASE (Then Dare Baterng
e

KEPORT DOCUMENTATION PAGE
: Y. TPSRY RUUSEN

4 TITLE (and Subcttte)

"AN EVALUATION OF POSSIBLE EFFECTS OF MODULATED
76 He ELECTRIC FIELDS ON BEHAVIOR AND EEG OF

By~ ==Y T YTy 7SR
¢ FEAPOMNNG ORG. REPOAT NUNBER

§. T/PE OF REPORT & PEMOO COVERED

FNAL

MONKEYS. PHASE 2: FREQUENCY MODULATION"
. (1]

R. Medici, G. Lesser, S.M. Bawin, W.R. Adey,
M. Wakefield, ?.M. Sagan and A.R. Sheppard

T CONYRACY OF SKANY wunSUN® |

N00014-75-C-1094

ANIZA
University of Califormia, Lo4 Angeles

AM €L .
ARGA & WOMK UNMIT N

RR-041-01-02

Los Angeles, California

1. CONTAOLLING OFFICE NAME AKD ADDRESS 13. ACPOAT OATE

Naval Electronic Systems Command June 1980
PME 110 13. NUMBER OF PAGES

Washington, D.C. 2 101
‘Wﬂaﬁnﬂm%mmmvam (ol thia repest)

Office of Naval Research UNCLASSIFIED

Code 441 TR S — ‘-p"

800 N. Quincy St.
L _Arlington, VZ 222;; .
MOUTION STA NT O -

Unlimited

I This decument has bee '
n approved

iqr p_ublip release and mle?‘i,u
, distribvtion is unlimited.

mm"" Bt el dn gl e A o odl gl bt it s il ot et s bl e A A
e L

17. OISTMBUTION STATEMENT (of the sbeirast anteved I Block 30, I diltssent from Repert)

L

TLis decumeni has been appre

. t} ppicved
for pybh_c release and sale; its
distzibutisna i3 unlimited, '
—

Unlimited

Ty
16. SUPPLEMENTARY NOTES

olde M ry and 1Sentily bp tisek mumber)

8. KEY WOROS (Continme on
ELF, Bioelectromagnetics, 3ehavior, Electric Fields, EEG, Frequency Modulation

(0. ABSTRACT [Continwe on reverss oidn If noecssary and Ideneily by biock runber)

FIn 1969 a long series of studies were initiated aimed at exploring the
possible effects of weak ELF fields on behavior of monkeys in the laboratory.

It seemed obvious, at the outset, that low frequency fields at levels of
1-100 V/m p-p were not likely to produce dramatic, sudden onset, behavioral

y S

changes.

Fields at those levels are routinely encountered in the home around

60 Hz devices.

reliable bezhavioral assay that could, in principle, (2) detect thresholds and,

It was taken as a challenge to find a (1) highly sensitive but
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would allow (3) long exposure durations, For example, it seemed vain to think
that five ninutQ?ggg_gzggggzg_;;t;'as field at 10 V/m would affect sny
behavior at all. A final requ t, based on repeated references in the
literature to reaction time, circadian rhythums, etc., was thst the task
involve some kind of (4) ?timing( behavior. These four requirements all
seened to be met by employing an interresponse time schedule of reinforcement
(IRT task) in which an animal is reinforced foy prassing a lever once every

N sec within a specified period (¥limited hold™). 1If the animal presses too
esarly or too late, the timer recycle In these studies, the animal was
reinforced with a tiny squirt of app)e\juice for pressing the lever every

5 sec within a 2.5 sec limited hold./ Exposures were four hours long anf test
periods were three hours long. In approximately 300 experiments, four 4-hour
replications of each field exposurd plus an intermingled no-field tests were
done for each of five monkeys. Ey&dcncc wvas discovered for a shift in the
direction of shorted inter-resporfse times in the presence of fields of a given
frequency and voltage within a ranze from 1-100 V/m and 7 to 75 Hz.

Four major conclusions werc }tivn from this study:

(1) Frequency-specificity. The evidence for a low threshold for 7 Hz is
wost inte:resting. Analagous frequency-specificity changes in calcium
efflux (6)-in in vitro neonatal chick brains have been observed in
our laboratory.

(2) Voltage. Tue data suggest some degree of dose-dependency. Results at
100 V’m p-p were inconclusive and suggest either a voltage-window cf the
kind observed by Ralmijn (and in the calcium efflux studies) or a 24-hour
carryover effect.

(3) Duration of exposure. Relatively long exposure durations appear to have
contributed to the systemztic array of results.

(4) Behavioral assay. The question of external stimulus control. The IRT tas
apparently was adequately sensitive and reliable. A comparison of our
results with those of other negative primate studies revealed that in
the negative studies, behavioral asseys included more traditional tasks,
including reaction time tests, fixed interval tests, match-to-sample
tests, etc., typically administered in 15-minute intervals. Animals
were deprived of fuod and water and exposed to a variety cf light and
sound cues regulating the various tasks. In the IRT task, the monkeys
were isolated; they were not deprived during testing; there were no sound
or light cues regulating their behavior. It might be said that the
aninals were forced, by the nature of the timing task, to pay uattention
to their own internal wilieu.
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I. INTRODUCTION

Over the past several years, there have been some dramatic results
reported in observational studies (as contrasted with laboratory
studies) of the role of weak ELF fields in affecting the survival
behavior of certain species. One example of such a study is that
of Kalmijn (1) in which he demonstrated that sharks use weak, ELF
fields to detect taeir prey. In an ingenious series of experiments,
Kalmijn demonstrated that sharks detected s flat fish buried in sand
at the bottom of a large hold tank on the basis of the weak ELF field
enitted by the flat fish. Kalmijn estimated chis field to be on
the order of .2uV/cm and to cause slovw.ng of respiratory rhythms.
When non~electric cues were systematically eliminazed by the use
of an agar chamber, the shark continued to dive irmediately to the
buried flat fish, However, the introduction of a thick polyethelene
film placed around the prey attenuated the electric field and succeeded
in confusing the shark. When the natural field of the flat fish
vas simulated with a .4uV/em field at 5 Hz produced by two electrodes
buried in sand at the bottom of the tank, the shark dove irmediately
to the location of the electrodes. In later experiments, Kalmijn
observed a voltage window; i.e., the effect vas not observed if a
substantially nigher voltage simulation was used. Special receptors,
the ampullae of Lerenzini, vere discovered to account for the shark's
perception of the weak fields.

Other observational studies have been done on the homing and
migration of birda. The study of Keeton (2) is especially interesting.
Although this study employed weak magnetic fields rather than electric
fields, it is described briefly here because of an important methodologi-
cal point. Keeton strapped tiny magnets on the backs of homing pigeons
and observed that their flight was, consequently, disoriented bdut
only on cloudy days. He concluded that {f the sun were present as
a salient cue, the pigeons .ould only be observed vhen strong external
cuer guiding their behavi,r were absent.

Nev evidence for di: ruption of migration by weak ELF fields has
recently teen offered by Williams, Williams, Larkin and Sutherland (3).
They have observed that migratory birds showed a deviatior in flight
direction of 59 to 25° around the Seafarer antenna, when the N-§
axis was energized. Indications were that flight direction was rapidly
corrected. This field was estimated to bde .17 V/n rms at 10 meters,
perpendicular to the antenna.

These observational studies raise the question of vhether they
Tepresent merely isolated peculiarities of nature or whether they
point towards some fundamental prnperty of narvous systems that extends
throughout the animal kingdom, including man.

In 1969, ve began a long series of studies (Gavalas, Walter,
Hamer and Adey (4), Gavalas-Medici and Dsy-Magdalenc (5)) aimed at
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exploring the possible effects of weak ELF fields on behavior of
zoakeys in the laboratory. It seeced obvious, a* the outset, that

low {requ~ncy fields at levels of 1-100 V/m p-p were not 'llkely to
produce dramatic, sudden onset, behavioral changes. Fields at those
levels are routinely encountered in the home around 60 Hz devices.)
It was taken as a challenge to find a 1) hirhlv sensitive but reliable
behavioral assay that could, in principle, 2) detect thresholds and
would allow 3) long exposure durations. For example, it seemed vain
to think that five minutes of exposure to a 45 Hz field at 10 V/m
would affect any bellavior at all. A final requireaent, based on
repeated references in the literature to reaction time, circadian
thythons, etc., was that the task involve soze kind of 4) “timing"
behavior. These four requirements all seemed to be met by employing
an interresponse time schedule of reinforcement (IRT task) in which

an aninmal 1s reinforced for pressing a lever once very N sec within

a specified period ("limited hold"). If the animal presses too early
or too late, the timer recycles. In these studies, the animal was
reinforced with a tiny squirt of apple juice for pressing the lever
every 5 sec within a 2.5 sec limited hold. Exposures were four hours
long and test periods were three hours long. In approximately 300
experiments, four 4-tour replications of each field exposure plus
interningled no-field tests were done for each of five monkevs.
Evidence was discovered for a shift in the direction of shorted inter=-
response times in the presence of fields of a given frequency and
voltage within a range from 1-100 V/m and 7 to 75 Hz.

Figure ] shows the kind of IRT distributions that were observed
for a single 4-hour exposure for a given field condition for one
monkey and compares that distribution with a contrel, no-field test
for the same monkey. Note the larger sample of responses in each
distribution and the increasing separation of the distributions as
voltage is increased from 1 to 56 V/m p-p.

Figure 2 sumarizes the result of all of the experiments over
all monkeys within the voltage range from 1 to 56 V/m p-p. The X-
axis shows changes in average interresponse times, the Y-axis shows
the three voltage levels tested (1. 10 and 56 V/m; the different
bars represent frequencies tested). It may be seen that at 1 V/m,
all differcnces are in the direction of shorted IRT's but none is
statistically significant. At 10 V/m there i{s evidcnce for a threshold
change for 7 Hz but not 45 Hz @r 75 Hz. This may represent the biologi-
cal relevance of this frequency; it is within the range of hippocamwpal
theta for the monkey. At 56 V/m, IRT differences arc much larger
and significant for both 7 Hz and 75 Hz. Studies of EEG {n two implanteu
monkeys in this series pointed towards a reduction of powver in the
range of 1-3 Hz and shift tovards higher pover in the middle EEG

ranges of 5-16 Hz. Such data are compatible with heightened arousal
and shorter IRT's.

Four major conclusions may be dravn from this study:

.|
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stimulus control.,

1) Frequency-specificity. The evidence for a low threshold
for 7 Hz 1s most interesting. Analagous frequency-specificity changes
in caleium efflux (6) in in vitro neonatal chick brains have been
observed in our laboratory.

2) Voltage. The data suggest some degree of dose-dependency.
Results at 100 V/m p-p were inconclusive and suggest either a voltage~
vindow of the kind observed by Kalmijn (and in the calcium efflux
studies) or a 24-hour carryover effect.

3) Ouration of exposure. Relatively long exposure durations
appear to have contributed to the systematic array of results.

4) Behavioral ascay: The quastion of external stimulus control.
The IRT task apparently vas adequately sensitive and reliabdble. A
comparison of our results with those of other negative primate studies
revealed that in the negative studies, behavioral assays includad
more traditional tasks, including reaction time tests, fixed interval
tests, match-to-sample cests, etc., typically administered in 15-
minute intervals. Animals were deprived of food and water and exposed
to a variety of light and sound cues regulating the various tasks.
In the IRT task, the monkeys were {sclated; they were not deprived
during testing; there were no sound or light cues regulating their
behavior. It might be said that the animals were forced, by the
nature of the timing task, to pay attention to their own internal
milieu.

A quick reminder note that this is quite analogous to Keeton's
interpretation of the pigeon homing data. This general finding might
be paraphrased as follows: behavioral effects, i any, of weak alectric
fields are more likely to be observed in the absence of stronpg external

d {

A sinilar incerpretation has been made in a number of studies
in the aresa uf behavioral toxicology. Figure 3 shows the results
of a study (7) of the effects of amphetamine ou a DRL (diflerential
reinforcement of low rates) schedule of reinforcement. This scnedule
is similar to the IRT schedule, but lacks a limited hold. This schedule
revealed a gubstantial effect of 1 mg/K of amptetamine on doth number
of respuases and number of reinforcements. Whatn the experiment vas
podified so that a single external stimulus cue (a light) was added
to the onset of correct interval, the effects of azphetamire vers
completely obliterated.

Similarly, data frow Laties (8) is prescated in Figures 4 and 5.
This study demonstrates that a pigeon worke! on s FCN8 (fixed consecu-
tive number) schedule of reinforcement shoved extreuely variabdle
performance following sdministration of methyl mercury. However,
the addition of a light cue, indicating when the animal should shiitc
to the reinforcement key, resulted in "normalizing" hia behavior
80 that the effects of the methyl mercury could no longar be observed.
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The subsequent removal of the light revesled that the behavior once
again appeared perturbed--~and implied that the effects of the mercury
were still present. Ogden Lindsley (8) has aptly labeled the use

of such cues a “behavicral prostheses."

Finally, a similar example of the effect of external stimuli
control was reported in a reacent issue of the Journai of Comparative
and Physiological Psychology by Braggio and Ellen (9). 1In studies
of brain lesions in the septum, hippocampus, dorsomedial nuclei of
the thalamus and dorsoventral thalamus they found that behavior on
a DRL schedule is disrupted (over-responding occurs). The authors
note that adding a light ss a timing cue attenuated the symptom and
"...elininates the appearance of sny difference between operated
and normal animals during the cued training peried" (p. 701).

The present geries of studies utilized the methodological principles
described above to assay possihble behavioral and EEG changes associated
wvith the presence of weak frequency-modulated ELF fields that closely
simulated those of Project Seafarer. The techniques, description
of the facilities, etc., have been described in detail in an earlier
ONR Technical Report (Contract No. NOOO1465A02004037, April 1975)
entitled “An Evaluation of Possible Effects of 45 Hz, 60 Hz znd 75
Hz Electric Fields on Neurophysiology and Behavior of Monkeys. Phase
1: Continuous Wave' by R. Gavalas-Medici and S. R. Magdaleno.

I1. METHODS

A. Field Simulation. Two double bronze acreened exposure chanbers
vere used. Parallel field plates (1 meter square) vere spaced 50
centinmeters apart in each chamber. A closed circuit TV camera was
mounted inside each enclosure with monitor and equipment located
outside, There were no AC devices inside the chambers except for
the well~gshielded camera and cables. All blowers, generators, etc.,
were kept outside the chamber. The rooms were illuminated with DC
light. "Inside" and "outside" temperatures cculd be read remotely.

Monkeys vere trained and tested in Foringer monkey chairs that
had been modified so that ac much metal as possible was eliminated
(and replaced with specially fabricated plastic parts).

The frequency-modulated signal was generated by a special device
designed and fabricated by IITRI. The frequency-modulated signal
varied from 72 Hz to 80 Hz with a center frequency of 76 Hz. This
frequency modulated field was tested at .2 V/m p-p, 10 V/m p-p and
56 V/m p-p. Additional testing was done with the same field vith
10°V72 p-p of 60 Hz added on, to simulate the ambient 60 Hx field
that might occur in the region of Project Seafarer. Other tests
vere made at 76 Hz CW so that possible effects could be compared
vith and without the frequency modulation. Tests at 7 Hz CW had
been made in the 1975 studies and those results suggested a distinctly
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‘by IITRI, utilizing their specially developed high impedance electric

lower threshold for this biologically relevant frequency (it is within
the range of hippocampal \heta for the monkey).

The electri: fields were measured before and after the experiments

field probe and magnetic field probe. The prasence of the field

was continuously monitored during testing. At the beginning of the
«xperiments, this vas done by recording the signal on the Grase EEGC
recorder (used to record EEG data -from implanted monkeys). However,
this produced a high-pitched, faintly sudible noise from the recording
pens vhen the higher frequencies (76 Hz, 76 msk) wvere used. Consequently,
the presance of the field was monitored with an oscilloscope to prevent
possible auditory detection of the field by the monkeys. 1This change
in procedure resulted in the inadvertent grounding of one cf the

field plates and a resultant imbalance in the electric fields between
the plates. Measurements and mapping of the field were made by ITTRI
at the conclusion of the expiriment.

The voltage levels in the center of the chamber wers cnly slightly
affected ly the imbalance. Field levels were measured at : 10X of
the expected value in the region hetween the plates where the monkey
wvas positioned.

Conducted current measurements in a phantom monkey indicated
that these values vere substantially higher in the imbalanced field
than in the balanced field condition (e.g., 8.3 nancamps at 10 V/m p-p
vs. 0.35 nanocamps). The overall lack of significant behavioral changes
described later in this report suggasts that, in any case, thene |
increased current values did not produce spurious false positive
Tasults.

A detailed Jdescription of the chambers and the field measurements
is included in Appendix II ("Electromagnetic Field Measurements
in Support of Primate Behavioral and EEG Studies" by Gauger, J.R.
and Robertson, N.C.).

B. _Experimental Design - Behavior. Behavioral protocols have
been described in the ONR 1975 Technical Report and in related publicacions
(see References at end of this report). The rationale for che use of
the interresponse time schedule of reinforcement as a behavioral
assay has been discussed in Appendix B, "Behavioral Assays of Possible
Weak ELF Effects: Cozments and Recommendations”" in a 1977 report
of the "Biologic Effects of Electric and Magnetic Fields Assoclated
with Proposed Project Seafarer" by the National Research Council,
National Academy of Sciences. (See Appendix III, this Report.)

Briefly, this schedule of reinforcement entails training the
monkey to press a lever once every N sec (5 sec) within a specified
tine "windov" (2.5 sec). As in the CW studies reported in 1975,
animals were trained for approximately 100 days for three hours per
day at the same time everyday until performance lavels reached about

3.
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80X correct. Animals were maintuined on a standard laboratory diet
(monkey cthow pellets, fruit and water) and correct responses on the
IRT task were reinforced with small squircs of apple juice. Animale
vere tested in adapted Foringer monkey chairs five days a week and
raturnad to their hewe cages over the weekend.

Six animals (two implanted with EEG electrodes and four implanted)
vere tested io & countsrbalanced series of tests at 10 V/a p-p.
One implanted animal died of causes unrelated to the experiment and
the renaining five were tasted at an array of frequencies at 56 V/a.
Testing at 36 V/m and 10 V/m was counterbalanced for the five animals.
At the conclusrion of these experiments, four animils (two implanted
and tvo unimplanted) were retrained to the criterion of 80X and then
tested at .2 V/m p-p, & level chosen to correspond to field levials
massuved near the Project Seafarer anteanna. Frequencies testsd at
all three voltage levels included 76 Hz frequency modulated, 76 Hz
frequency modulated with 10 V/m p-p of 60 Hz added in, 76 Hz CW and
7 Hz CW, Control (no-field) tests were interspersed with field tests
in a counterbalanced design and no-field "carry-over" tests followed .
every day of field exposure. Monday was routinely considered a practice
day. In all cases, monkeys were exposad to the fields for rour hours
and tested in the dehavioral task during hours two, three and four.
On control tests, the animals simply sat in the chamber for one hour
befcre testing began. The protocol for thase experiments differed
from the protocol for the CW studies in thoee ways: 1) “Carry-over"
tests were done in this series of tests and not in the CW tests,
2) only two replications of each field condition were performed rather \
than four, 3) conditions vere randoamly assigned in the CW study and
counterbalanced in the present study. \

In addition, preliminary training of the monkeys was done in 1
s modifled version of the 7.5 sec IRT >5 sec task. Aun attempt was }
made to make the task more sensitive to possible field effects by
pretraining the animals on an 18 sec <IRT>12 sec task and testing
them on a 15 sec <IRT> 12 gec task. It was hypothesized that the
relatively vide training "window" could allow the animals a largeér
amargin of improvement (warkedly shorter IRT's) under appropria e
field conditions. However, this technique produced too much va:..bility
in responding and vas discontinued. All snimals were then retrained
ida the 7.5 sec <IRT>S sec task used in the 1975 CW studies. This
fact may be of special significance because IRT values were substantially
szaller in the present study for all conditions, including control
conditions, than in the CW study.

For all conditions behavioral data were recorded om an FR 1260 .
Ampex tape recorder. The snalog tapes vere digitized and then analyzed.
EZach vesponse of the animal was tr'lied as a function of time slapsed
since the irmediately preceding res;ounss. Bin width for analysis
was set at .1 sec and 175 bdins were counted. Histograms were printed
for the total three hour sessions and for consecutive l35-minute sessions.
Means, medians, modes and standard deviations were routinely calculated
for esach experiment.
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: C. [Experimental Design = EEC. Two of the animalsc were implanted
r : with an array of bipolar BEG elactrodes (see the April 1975 report
: for a complete description of techniques).

. EEG data for all experiments at 10 V/m and 56 V/a were tape recorded,
N digitised and analyrad. Time did not allov for analysis of EEG data at

; «2 V/m. Data were sampled from the last hour of the experiment for

§ a set of 12 or more corract and 12 ol more incorrect responses.

The KIG data were analysed from the end of the last response
pulse to the onset of the correct or incorrect response pulse to
be analyzed. Samples wers drawn from the end of the exposure period.
All available samples were used in the analysis with the exception
of a few with obvious jarge movement artifacts. Spectril analysis
vas done for each response segaent; resolution was set at 1 Ha and
covered the range 1-32 Hz., The sudsets of correct and incorrect
responses vare mnerged for each experiment and then merged across
replications of a given field condition or a contrcl condition.
SR . This resulted in a sample of approximately 24 or mors correct and

| approximately 24 or more incorrect responses for each experinmental

t condition and approximately 43 or more of each response for the control .

{ condition. These merged spectra were plotted as percentages of total

; pover, in order to provide an index of possible changes in total

: pover ovar time.

Brain structures assayed included for animal A: the right hippocampus,
left hippoc mpus, and right amygdala at 10 V/a. At 56 V/a, the right
amygdala anc' right and left centre median vera tecorded. ¥For animal 1
G: the right hippocampus, right superior colliculus, and right temporal ?
lobe were recorded for both 10 and 56 V/a.

o Because recordings vere made from only two animals, no inferentcial
' : statistics ware calculsted. Instead, the complete data set of percent
powar graphs is presented in Appendix I.

II1. RESULTS

; A. Behavior. Mean IRT's, standad deviations, number of responses,
¢ and perceant correct are presented for each voltage level tested in

? : Tablas 1-6. In all cases, the mean IRT for each replication is weighted
* by the number of responses in that zeplication. The means and standard
! deviations therefore represent weighted means across replications

for each condition for each animal. There is no obvious ordering

: of effects at .2 V/m p-p. It may Le seen that the control condition

i ~ (0/0 ¢) falls in rank 1 (the shortest IRT) in twvo cases and in ranks

3 and 4 in the othar two cases. 3

i At 10 V/m (Table 3) there s some indication of a possible effect
3 : for the 76 Hz fregquercy-modulated fiald (76 m) esince the mean IRT

for this condition falls in rank 1 for four of the six animals.
Hovever, this consistency is not apparent in the measurements of
variability.

7.
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At 56 V/a it may be noted that the 7 Mz CV field is sssociated
with a shorter-than-control mean IRT for each of the five animals.
The associated standard deviation {3 smallar for four of the five
animals. .

Descriptive t statistics for no-field minus f£ield mean IRT valuc
across animals are prasented in Table 7. 1t may be seen that the
only statisticully significant difference occurs at 10 V/a for the
76 Bz frequency-modulated condition. However, in viev of the large
array (13) of t teste and the lack of any effect at 36 V/a, this
finding may well be due to chance. It is surprising that so many
negative values appaar for the .2 V/m tests. This may be due to
the fact that this test series followed the others in time. The
animals were exceedingly well trained at this point and their average
control value was 5.25 sec as compared with a control value of 5,37
for the 56 V/m tests and 5.51 f£or the 10 V/m tasts.

More positive differences appear at the higher voltage levels
than the lower levels, suggesting some "dose dependency" in the array.
The 7 Hz condition is associated with relatively large positive differ-
ences at 10 V/m and 56 V/m; these differences approach but do mot
reach statistical siynificancea. This finding would seem to be in
general agreement with the 1975 CW studies which indicated an effect
for 7 Hz at 10 V/a and an even larger effect at 36 V/m (sse Table 8).
The rodbustness of these earlier findirgs may well be dus to the greater
ounber of replications (4 vs. 2) in the 1975 study. If the 10 V/m
data for 7 liz are combined acrosz the two studies, the average differenc:
is .082, the standard error is .0A4, and the t is 1.876 and significant
at the .05 level (one-tailed). Similarly, if data for 7 Hz at 56 V/a
p-p are combined across the two studies, D is .172, 3!11 -.0727, ¢
is 2.234 and significant at the .01 level. 2

Extensive analysis of variance across differsnt subsets of the
present data set present no surprises.

A simple one-way analysis of variance vithin voltage lavels
(Table 9) reveals no significant F's at any level. The largest T
is associated with frequency of the field at 10 V/m (f = 1.43) and
reflects the t statistic reported for the 76 Hz frequency-modulated

field at that leval.

Two-way analyses of variance are shown in Table 10 where field
frequency and the subgroups of implauted monkeya A and G versus unimplanted
monkeys are considered within voltage lavelas. A relatively high F (7.88)
occurs for implanted vs. unimplanted anisals at the highest woltage
level (56 v/a p-p). All means reveal that the two implanted monkeys
have a longer IRT (35.514 sec) and the unimplanted have a shorter
average IRT (5.294 sac).

Results of taree-wsy analyses of variance (comparing field frequency,
implanted vs. unimplanted and two voltage levels) are shown in Tadle 11.
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3 . No significant effects are obsarved for .2 V/a vs. 10 V/m or for

f : 2 V/m va. 56 V/a. When 10 V/m is contrasted with 56 V/m, a significant
: dateraction is observed for field frequency and vhether or mot the

monkey is implanted. This, again, reflects the fact that the two

implanted animals appear to ba relatively "slow" responders in this

experiment. At 10 V/m, the average IRT tor the 76 Mz modulated condition

4a 3.770 for implanted monkeys and 5.127 for unimplanted monkeys.

The N's involved {n these comparisons are very small (2 va. 3 and

2 vs. 4). Therefores, these results should not be over-interpreted.

: During the long test series, the field wvas inadverteatly unbdalanced,
FE as descrided earlier. 7Tvo monkevs (A and G) had already been tested
i . in the balanced field mode at 10 V/a and one mounkey (J) had baen
] ) tested in the balanced field at 56 V/a. As a precaution, scme analyses
- : of variance vere done on the larger (unbalanced mode group) to be
sure that this procedural change had not markedly affected performance.
{ Table 12 summarizes these data. Data at .2 V/m are {dentical since
j : all sonkeys vere run in the same moda. At 10 V/m p-p, field frequency
produces a significant F (3.42). This undoubtedly reflects the shorter
% o IRT'es associated with the 76 Hz modulated field that were described
! earlier.

: At 56 V/u, the analyses of variance results are approxinately the
: same with or without the one balanced-field monkey included.

—

-

Additional analyses of variance were done with only those monkeys
exposed to the unbalanced field. These rasults are similar to those
obsarvad when all animals are included in the analysis. A relativaly
high, but not significant, F is observed for implanted vs. unimplanted
wonkeys at 56 V/m, with implanted monkeys showing slower scores; this
tesult also appeared in the complete data set.

In summary, the data at this point indicate that the frequency-
modulated fields have no affect on monkeys' performance on the IRT
task. A possible exception to this is suggested by the t test reported

N fo: the 76 Hx frequency-modulated field at 10 V/m. However, the lack
of any other corroborating evidence makes it rather unlikely that
this is more than a chance occurrence.

There is weak evidence for frequency specificity with relatively

large field-control differences being observed for the 7. Hz condition,
" as they were in the 1975 study. The weakness of this effect may

be due to the decreased number of replications (2 vs. 4) or it may
be due to the overall faster performance of the monkeys in the present
experimental series. PTigure 6 shows s comparison of average control
valuss and 7 Hz field values for the 1975 and 1978 studies. It is
possible that the animals in the present study were perforuing close
to an asymptotic level of performance (i.s., near the start of the
revard pariod) so that further shortening of IRT's would cause the
anizal to begin to press too early and lose reinforcements. A rank :
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;ﬁ i order correlation of control IRT's and ohserved 7 Hr field-producze
oe difference scores is shown in Table l4. %hen the 1975 and 1978 ds*
- are combined, the Rho is .62 and sigaificant at the 0.5 level. Thi

lends support to the notion that large fieid-produced differences
could be less likely to be seen in the present series where animals
had been extensively pretrained.

et LTI PR HENE W AR W ee——

In & June 31, 1978 quarterly report, a series of studies on fiel
related calcium efflux from mneonatal chick brains (S. M. Bavin and
W. R. Adey) have been described. As in the 1975 behavioral CW studi:
ELF frequencies within EEG rangc (6 and 16 Hz in the case of the chic
7 Bz for the monkey) resulted in statistically significant changes.
For the monkeys, behavioral changes were observed a2t 7 Hz, 10 V/m
l and larger changes were observed at 7 Hz, 56 V/u. For the chicks,
' : & significant decresse in calcium efflux was observed for 6 and 16 Hz
- at 10 V/m. Differences of about the same magnitude were observed
at 56 V/m p~p (see Table 15).

. .
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Similar calcium studies were undertaken with the same array of
frequency-modulated fields described in the present behavioral studies.
The tesults are ramarkably comparabie to those observed with the

. H IRT task. None of the modulated fields produced a significant effect
- Cd on calcium efflux. The largest change observed was for the 76 H:
. frequency-modulated field with voltage level set at 10 V/m (see Table
16). This !{ield condition also resulted in the largest perturbation
of behaviur in the monkey studies.

B. EEG Results. In sarlier studies, changes in hippocampal
activity had been noted for some field conditions. In the present
. study, there is evidence for somevhat more activity in the 4-16 Hz
<3 range for both animals for all field conditions, relative to the
: control condition. This suggasts a nonspecific heightened arousal
during fiald exposure similar to that described in the 1975 study.

Behavioral changes in this study were observed during exposure
to the 10 V/m 76 Hz frequency-modulated condition. The EEG graphs
dndicate a peak at about 4 Hz for Animal A (R. hippocampus) at 10 V/m.
However, this peak does not appear for Animal G.

. an oy

Other brain structures tested do mot present marked changes during
£ield exposure. Small changes ralative to the control condition
appear to ba attributable tn chance. They are not consistent across
voltage levels nor acroas ani.als.

e @ e e g

* IV. SUMMARY AND CONCLUSIONS

i A. TFrequency-Modulated Fields. With one exception, none of

i the 76 Rz frequency-modulated fields (either with or without 1V V/m

: p-p of 60 Hz added on) produced any significant change in behavior
48 measured by an interresponse time schedule of reinforcement.

i
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Voltage levels of .2 V/m, 10 V/m and 56 V/m p~p vere sssayed. The
poesible axception 1s & reduced interresponse time for the 76 Nz
modulated fiald at 10 V/m p-p. However, the effect does not appear
at either lower or higher voltage levels (ses Figure 7) and, indeed,
the observed diffarence is in the opposite direction in those tasts.
Furthermore, snalyses of variance data at 10 V/m do not show a field
frequency effect.

Data irou the calcium efflux studies are remarkably compatible
with the behavioral results. No significant changes are observed
for any of the frequency-modulated fields at any voltage level.

As in the monkey studies, the largest difference cbserved is for
the 76 Hz frequency-modulated field at 10 V/a p-p.

Taken together, thess data essentially present a picture of no
effect for the frequency-modulated fields. The possibility of a
borderline, nearthreshold effect at 10 V/m suggests that more testing

(both dehavioral and neurochemical) might be performed at that level. .

Howvever, that is well above expected field levels around Project
Seafarer (.2 V/m p=p).

B. LW Fields. An extensive series of studies on CW fields and
interresponse time behavior was reported by this laboratory im 1975.
These studies indicated a frequency-specific effect; namely, & low
threshold for s CW field within EEG range of the performing monkey
(see Pigure 8). 1In the present study, the 7 Mz field produced relatively
large positive changes at both 10 V/a p-p and 56 V/m p-p. These differ-
ences approachad but did not achieve statistical significsnce. 1t
has been suggasted that 1) pretraining of the animals and 2) reduced
nunber of replications may have lowered the value of the observed
differences. If data are combined for the 1975 and 1978 studies,
results remain significant at both voltage levels.

Studies of calcium efflux in neonatal chick brains, again, show
a very good concordance with tiie dehavioral results. Systematic
decreages in calcium efflux were observed at 10 V/m p-p and 56 V/ia
p-p for EEG range CW field frequencies (6 Hz and 16 Hz) for the chicks.

In conclusion, both the dehavioral and neurochemical studies
suggest that the frequency-modulsted fields ars nmot likely to perturd
behavior or calcium efflux at the frequencies and voltages tested.
The naximal effect observed was a borderline change at 10 V/m p-p
for the 76 Hz frequency-modulated field.

The CW studies interpreted in the context of the earlier studies
(1970 and 1973) support the general hypothesis of frequency specificity
and suggest that ELF fields that are biologically relevant; i.s.,
wvithin EEC rangs, may have substantially lcver thresholds than either
CW fields ocutside that frequency ranges or fraquency-modulated fields
outside that range.
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Animal A
Gond. X
76M  S5.14
76 $.17
0/0c  5.20
7 5.25
o/ox  5.26
76/60  5.39
ond. o
7 .83
76M .84
76 .91
0/0x .97
76/60  1.03
0/0c  1.04

(u) indicates unimplanted animal

Animal B
Cord. X
0/0¢ 5.13
76/60 5.18
0/0x 5.20
7 5.22
764 S5.22
76 5.42
Cond. o
0/0¢ .80
764 .83
0/0x .90
7 .96
76 1.07
76/60 1.10

Table 1.

ONR-MSK .2 V/m
RAKK ORDER WEIGHTED MEAN IRT AND STANDARD DEVIATION
(Entire Experiment = Last Bin Excluded)

Animal J (u)
Cood, X
0/0¢c S5.46
0/0x 5.46
1 5.46
76 5.57
76M 5.60
76/60 5.64
Cond. o
o/ox 1.14
76M 1.30
0/0c 1.36
76/60 1.40
7 1.42
76 1.52

Animal N (u)
Cond. X
76/60 S5.09
MM 5.1]
0/0x 5.16
0/0c S5.18
76 5.21
7 5.36
Cond. o©
76M .72
76/60 .73
76 .85
0/0x .93
0/0c .95
7 1.30
14.
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saimal A
Cond. R
0/0x 1149
76 988
7 947
64 787
0/0¢ 780
7660 734
Cond. %
7660 88
76 82
7 81
0/0c 81
76M 80
0/0x 7

(u) indicates unimplanted animal

AANK ORDER NUMBER OF RESPOMSES (M)

Table 2.

AND PERCENT CORRECT (X)

Animal J (u)
Cond. .
o/0x 605 .
76 74
0/0¢ 434
76M 402
7660 388
7 383
Cond. 4
0/0x 87
76M 84
76 - 81
0/0c 81
7660 81
7 77

s emiea . 0ve B sEmeeEma, Cumamew s s o

10 ame. s o

Animal X (u)
Gond. W
0/0¢c 1689
7660 1353
76 1397
6M 1330
0/0x 1300
7 870
Cond. 4
76 78
76M 78
0/0x 76
0/0c 72

7 70
7660 69

as msee

o
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Animal G

Comd. R§

o/ox 770
? 716
76M 704
0/0c 630
76 379
7660 561
Cond. 2
7 82
764 81
76 80
o/ox 77
o/ox 77

7660 76
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Table 3.

ONR-MSK 1C V/m
: RANK ORDER WEIGHTED MEAN IRT AND STANDARD DEVIATION
(Entire Experiment - Last Bin Excluded)

¥
Animal A Animal G Anisal J(u)  Animal N(u) Animal R(u)  Antmal L(u)
Cond. X Gond. X Cond. X Cond, X cond. X Cond. X
t O/om S5.88 76 5.29 TG4 5.29  IeM 5.19 764 4.90 %M 8.3
H 7 5.89 7 5.3 0/ox 35.34  0/0c 5.23 7660 S.01 7660 5.3
1 764 S5.91 0/0x 5.37 0/0c 3.38 . 0.0x S5.26 0.0c 5.20 j LY
L o/ox 6.00 0/0m 5.45 7 5.41 7 5.27 0/0x 5.24 76 5.5t
: 0/0c 6.13 7660 S5.35 7660 S.51 7660  5.28 7 5.33 0/0c  S.5:
7660 6.14 0/0c S5.62 76 5.57 76 5.31 76 5.36 0/ox 5.5
i 76 6.26 76M .63
i
L Cond. o Cond. o Cond. o Cond. o Cond. o Cond. o
‘ 7 1.37 76 89 &M  1.12 7 .75 76 1.55 7660 1.2
i 0/0c 1.55 7660 .99 O/ox 1.12 76M 77 7 1.73 0/0x 1.3
h . 0/0x 1.55 764 1.08 0/0c 1.14 0/0c .81 0/0c 1.80 0/0c 1.4
T 76 1.59 oO/ox 111 7 1.24 76 .90 764 1.85 76 1.5
764 1.63 O/om 1.11 7660 1.37 7660 .93 0/ox 1.86 M 1.5
7660 1.64 7 1.17 76 1.55 0/0x  1.02 7660 1.99 7 1.5

o/om 1.66 0/0c 1.25

Legend

7=7H:

76 = 76 Bz CW

76M = 76 Hz frequency modulated
7660 = 76 Rz frequency modulated plus 60 Ez @ 10 V/m p-p
0/0r = Monday

0/0c = Control

0/0xs= Carry-over day
u ® ynimplanted animal
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Table 4.

ONR-MSK 10 V/a
RAME ORDER NWMBER OF RESPONSES (N) AND PERCENY CORRECT (X)
(Sntire Expsriment - Last 3in Included)

Anisal A Animal C Anisal J(u) Animal N(u) Andaal X(u) Aniwnal L{u)
Gond. W Gond, N _ Cond W _ Gond. B~ Cond N Coné, W
76 &4 7660 794 76 723 ’ 7660 1174 7660 823 76 663
o/ox 312 76M 868 7?7 802 0/0c 1228 76 1061 o/0x 762
1 519 0/0c 375 0/0x 820 76 1232 9/0x 1112 7 807
o/om 3521 o/om 985 0/0c 890 7 1245 0/0c 1240 7660 832
0/0c 540 o/ox 1196 7660 929 0/0x 1264 7 1241 76 838
764 3596 ? 1201 76M 1080 76M 1332 764 1982 0/0¢c 883

7660 631 76 1427

AT T TR T, T T RN e T T T T e T i 4
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Cond. 2 Cond. 2% Cond. 2 Cond. X Cond, 2 Cond. X
M 68 % 15 64 67 %M 76 7660 62 ? 0
7660 70 o/0x 77 7660 69 o/ox 77 M 63 M 73
0/Ca 71 ? 79 76 70 0/0c 178 76 63 7660 715
0/0c 79 0/0c 80 o/ox 70 76 80 o/0x 69 76 7”
? 81 e 8 0/0c 70 Y 82 7 74 0/0c 78

7 83 7660 81

Legend

7e 7 H:z - ;
76 = 76 Bz CW

764 = 76 Hz frequency modulated

7650 = 76 Bz frequency modulated plus 60 Hz & 10 V/a p=p
0/0m= Monday

0/0c = Comtrol
0/0x = Carry-over day
u = unisplanted animal
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764 81
o/ox .87
0/0c 1.15
7660 1.19
16 1,23

Table S.

ONR-MSK 56 V/a
RAKK ORDER WEIGHTED MEAN IRT AND STANDARD DEVIATION

WA . M WH A am . g W c@e e

Aaimal G Aaimal J(u) Aninal H(u) Animal K(u)
ond. Cond. & Cond. X Cond. X
0/0x 5.40 7 3.31 7660 5.18 7 5.15
7 3.47 7660 35.32 7 5.21 64 5.18
0/0c 5.49 0/0c 5.34 0/0c S5.21 15 5.20
76 3.63 76 35.35 16 $.25 o/0x 5.20
7660 3.75 0/0x 5.42 64 5,26 0/0x 5.43
4 5.8 76M 5.4 0/0x 3.28 7660 3.51
0/0m 35.45
Cond. o Cond. o Coud. o Cond, ¢
o/ox .89 76 74 7 .65 7 1.52
0/0c .93 7 7 0/0c N 0/0c 1.69
76 1.02 0/Cc 1.02 16M 5 76 1.71
? 1.16 7660 1.10 76 76 7660 1.71
% 1,22 0/0x 1.12 7660 .80 M 1.79
7660 2.05 76M 1.15 0/0x .85 0/0x 1.8
0/0a 1.29
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Table 6.

ONR-MSK 36 V/m
RANK ORDER NUMBER OF RESPONSES (N) AND PERCENT CORRECT (X)

Animal A Animal G Aninal J(u) Animal N(u) Animal K(u)
Cond. N Cond. N Cond. N Cond. N Cond. N
64 316 6 240 e 1187 0/0x 984 76M 1349
7 393 7 513 0/0m 1302 76 1067 7660 1337
7660 602 7660 582 7 1320 7660 1206 0/0c 1425
76 634 76 197 9/0x 1490 6 1293 0/0x 1477
0/0c 638 0/0x 886 0/0c 1356 0/0c 1346 76 1557
7660 1391
Cond. 2 Cond. 2% Cond. X Cond. X Cond. X .
7660 80 7660 64 7666 66 76 78 76 66
76 82 76M 76 o/0m 67 7660 78 0/0c 67
0/0x 85 7 79  0/0c 69 7 79 7 68
0/0c 87 00x 79 0/0x 73 0/0c 79 76 68
764 [ 0/0c 81 7 73 o/ox 81 7660 70
7 89 76 84 76M 73 7€M 86 o/0x 70
76 v

19.




Table 7.

DESCRIPTIVE t STATISTICS ACROSS FREQUENCIES
(No-field IXT (X3}, . - Tield IT (X))

v 2t "B

ai (Two-tailed tests used for all nagative differences)
T 2 29.¥/a 36 v/s
S D - .05 .05 .066
) 5e 52,3 038 .068 .042
t 1.975 1.108 1.587
P .20<p>.10 .20<p>.15 .10<p>.0%
D - .095 - ,028 0.0
.065 .034
76 Bz 9!1‘!5 ,
t 1.462 .826
P +30<p>.20 «30<p>.40 N.S.
) - .020 .138 - .067
.051 049 .072
76 Kz sxidxh
Mod. t <391 2.816 917 ‘
P .80<p>.70 .05<p>.01* .50 p .40
) - .078 .037 .030
76 Hz .069 .089 .106
Mod. + IR
6 H: t 1.161 .410 .470
P .40<p>.30 .33<p>.30 .35¢<p>.30
D - .023 .087 .010
. [ [ ] 7 L ]
| c 51,5, 019 0 081
; over t 1.165 1.21? 124
° P .40<p>.30 +135<p>,10 p>.90

20.
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Table 13.

N=1l,p = .05

*From 1976 CW study

: Madn
Control Diff.
Anisal JIRI's Rank Scores
X (u) 5.20 1 -.13
R (v) 5.23 2 -.04
J (u) 5.37 3 ~-.08
? E (u)* S.hk 3 .01
L (u) 5.53 5 .13
S D* 5.58 6 .21
F » ¢ 5.62 7 .28
, B* 5.87 8 .15
F : C (u)* 6.03 9 .00
: A 6.13 . 10 .23
' A* 6.58 11 .12
Rho = .62

aotouunuwls
"

o0
=3

uou'o’UNHlﬂHO

SFEARMAN RANK~ORDER CORRELATION COEFFICIENT BETIWEEN
CONTROL IRT's AND CONTROL~7 Hz MEAR IRT DIFFERENCE SCORES
(CW and Present Studies Cowbdined)
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Table 1l4.
ASYMPTOTIC PERFORMAMNCE: Comparisom of 1976 (N=5) an.

1978 (We=6) Coatrol Values in 10 V/a Study
(Mann-Whitney U-Test)

1976 1978
Maan Maan
IRT_ U-kank IRT U-Rank
6.58 . 6.13 10
$.62
$.53

6.03 7
5
5.38 3
2
1

.87
5.58

bﬁ.@:

5.44 5,23
5.20

Us=7; P= .08

1976 ¢ U-Rank 1978 ¢ U-Rank

1.713 10.3 1.3 10.5

Us=11; P = ,268
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FIGURE 1.
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INTERRESPONSE TIME (lenth )

ETIRRY

IRT- ({nterresponse time) histograms are shown for a single
subject (Macsca nemestrina) are shown for field (filled circles)

and no-field, comtrol, (open circles) sessions at 1, 10 and
56 V/a p-p with a!7 Hiz modulation frequency.
was constructed from,the data from a single experimeantal
session. The verticsi bars indicate the means of each

d“ttib“tioﬂ .

C o wm etm e em e

Each histogran

[

Reprrduced from (5).
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FIGURE 2.
5 o
= FASTER RESPONDING . SLOWER RESPONOING
N e ' et
S . *% ::é:
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g w uﬁﬁ Qeo v
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| H W7 M2
| - |
14 3w |
F ‘ v v )]
-3 -2 - 0 o 2 3
INTERRESPONSE TIME DIFFERENCE (tenth /sec)
g&mxmguae T0 FIELDS OF INCREASING VOLTAGE
The i erage IRT difference batween field and control sessions
is p..tted 'as a function of field strength in V/m. Reproduced
fxom (3)., .
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FIGURE 3.
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The effects of axternal stimulus control, in the form of a
"behavioral prosthesis," on performance on a DRL schedule
are illustrated. The effects of the administration of d-
smaphetamine are abolished vhen the external stimulus findi-

cating reinforcement availability is introduced. Reproduced
from (8).
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FIGURE &.

Tecu of methylmercury on the peeformance of 3 pigeen work Aaed-
MGM)MahMoﬂymdah:Mﬁnm;‘:;ﬁ-
uhpapmza-mnmu.mm.m.mmm
mmm«mmmwmma{;unummmnrm
200-run srwions eccutred eac . Dustge regimen: " mouth daily Menda
wpunhaauunummurwrw ‘“’, '

{ 200r
3i 75t
| 150 |
| SIOO
4 7S .
19 & 50
25
0
The effects of methyl mercury on pigeons working on an FCN 8 or 9
schedule. Reproduced from (8), data from (7).
,
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FIGURE 5.

‘_‘_w.
]

- N
s

T T o e S e 0
FIEQUENCY

o:ztsatSiEEESIﬁ

8

TREOUENCY
08835333

-7
a-wmn?m.mpmmcuwmmnmm-u
FCN sthedule JMM‘NQMW'S'.' Durng other umaions, e wisnuli
*mm.ﬁympﬁumnlodmwmwdqnu*mﬁ

mmnwnnunm

The effects of an external discriminative stimulus (SD) on
performance on an FCN or 9 schedule following administration
- of sathyl mercury. In this extension of Figure 4, it can be
gseen that the introduction of an external discriminative
stisulus leads to the abolition of the measured affects of .
the methyl mercury and the removal of the external discrimina-
tive stimulus leads to their teappearance. Reproduced from (8).
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APPENDIX I.
EEG POWER SPECTRA

Animal A. R. Hippocampus
Control: Correct, Incorrect 10 V/m Series

7 Hz: Correct, Incorrect 10 V/m Series
76 Hz: Correct, Incorrect, 10 V/m Series

MSK (76 Hz, frequency-modulated): Correct,
Incorrect 10 V/m Series

MSK + 60 Hz: Correct, Incorrect 10 V/m S ries

L. Hippocampus .
Control: Correct, Incorrect 10 V/m Serie-

7 Hz: Correct, Incorrect 10 V/m Series
76 Hz: Correct, Incorrect 10 V/m Series

MSK (76 Hz, frequency-modulated): Correct,
Incorrect 10 V/m Series

MSK + 60 Hz: Correct, Incorrect 10 V/m Series

R. Amygdala
Control: Correct, Incorrect 10 V/m Series

Control: Correct, Incorrect 56 V/m Series

7 Hz: Correct, Incorrect 10 V/m Series

7 Hz: Correct, Incorrect 56 V/m Series

76 Hz: Correct, Incorrect 10 V/m Series .
76 Hz: Correct, Incorrect 56 V/m Series

MSK: Correct, Incorrect 10 V/m Series

MSK: Correct, Incorrect 56 V/m Series

MSK + 60 Hz: Correct, Incorrect 10 V/m Series*
MSK + 60 Hz: Correct, Incorrect 56 V/m Saries

RCM _
Control: Correct, Incorrect 56 V/cm Series
7 Hz: Correct, Incorrect 56 V/m Series

*Data lost,

Page
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Animal G.

76 Hz: Corract, Incorrect 56 V/m Series
MSK: Correct, Incorrect 56 V/m Series
MSK + 50 Hz: Correct, Incorrsct 56 V/m Series

LCM

Control: Correct, Incorrect 56 V/m Series

7 Hz: Correct, Incorrect 56 V/m Series

76 Hz: Corract, Incorrect 56 V/m Series

MSK: Correct, Incorrect 56 V/m Ssries

MSK + 60 Hz: Correct, Incorrect 56 V/m Series

R. Hippocampus
Control: Correct, Incorrect 10 V/m Series

Control: Correct, Incorrect 56 V/m Series

7 Kz: Correct, Incorrect 10 V/m Series

7 Hz: Correct, Incorrect 56 V/m Series

76 Hz: Correct, Incorrect 10 V/m Series

76 Hz: Correct, Incorrect 56 V/m Series

MSK: Correct, Incorrect 10 V/m Series

MSK: Correct, Incorrect 56 V/m Series

MSK + 60 Hz: Correct, Incorrect 10 V/m Series
MSK + 60 Hz: Correct, Incorrect 56 V/m Serias

R. Superior Colliculus

Control: Correct, Incorrect 10 V/m Series
Control: Correct, Incorrect 56 V/m Series
7 Hz: Correct, Incorrect 10 V/m Series

7 Hz: Correct, Incorrect 56 V/m Series*
76 Rz: Correct, Incorrect 10 V/m Series
76 Hz: Correct, Incorrect 56 V/m Series
MSK: Correct, Incorrect 10 V/m Suries
MSK: Correct, Incorrect 56 V/m Series
MSK + 60 Hz: Correct, Incorrect 10 V/m

*Data Lost.
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25
26
27
28
29

30
A |
2
33
34
35
36
37
38
39

40
41
42

43
44
45
46
47
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R, A,
Control: Correct, Incorrect 1’ V/m Series 48 ]
Control: Correct, Incorrect 6 V/m Series 49
7 Bz: Correct, Incorrect 10 V/: Series 50
7 Hz: Correct, Incorrect 56 V/. Series 3
76 Hz: Correct, Incorrect 10 V/m faries L] 3
76 Hs: Correct, Incorrect 56 V/m Series 53 §
MSK: Correct, Incorrect 10 V/m Series L1
MSK: Correct, Incorrect 56 V/m Series 55

MSK + 60 Hz: Correct, Incorrec: 10 V/m Series 56
MSK + 60 Hz: Correct, Incorre.: 56 V/m Serias 57

e dsatedd DSt

e e e -

it et

T E VS F b i T ia T awne i
L S




- T

| S T O I

———

SuMSP = 140519
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Animal A
Control
49 cases
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10 V/M
Correct

32,

SUMSP =
RMHIPP

96494
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Animal A
Control
38 cases

10 V/u
Incorrect
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SUMSP = 1066363
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49 cases

Animal A 10 V/M
Control Correct
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